Previous studies suggested that the non-contrast-enhanced computerized tomography (CT) scan is a highly reliable tool for the diagnosis of analgesic-associated renal disease. However, this issue has not been addressed in the US population. A total of 221 incident patients with ESRD from different regions of the United States underwent a helical CT scan and detailed questioning about drug history. Specific renal anatomic criteria were developed to determine whether a constellation of CT findings (small indented calcified kidneys [SICK]) is linked to analgesic ingestion. For approximating use before the onset of renal disease, only analgesic ingestion at least 9 yr before starting dialysis was considered relevant. Fifteen patients met the criteria for SICK. This represented 7% of the enrolled patients and approximately 1% of the total ESRD population. There was a significant increase in the estimated risk among patients with a history of heavy aspirin ingestion (odds ratio [OR] 7.4 [95% confidence interval (CI) 1.2 to 43] for >1 kg lifetime; OR 8.8 [95% CI 1.2 to 66] for >0.3 kg/yr). Total analgesic ingestion of >0.3 kg/yr also was significantly associated with SICK (OR 8.2; 95% CI 1.5 to 45). These findings were accounted for largely by combination products that contained aspirin and phenacetin (used by three patients with SICK), which are no longer available. In addition, the CT finding of SICK was present only in a minority of heavy analgesic users, yielding a sensitivity of 5 to 26%. Findings of SICK are infrequent in the US ESRD population and do not occur among a sufficient proportion of heavy analgesic users to render the non-contrast-enhanced CT scan a sensitive tool to detect analgesic-associated kidney injury.
of Texas Southwestern Medical Center (DNA; Dallas, TX), and Oregon Health Sciences University (OHSU; Portland, OR). Data coordination was provided by the Slone Epidemiology Center (SEC) of Boston University. The intention in the selection of centers was to include a regional representation of analgesic use, with North Carolina being an area with putatively high use and consequently more analgesic nephropathy (14) 
Patients
Incident patients who had ESRD without a clear nonanalgesic cause for renal failure and had begun dialysis within the previous 3 mo were potentially eligible for inclusion. The Institutional Review Board of all institutions approved the protocol, and informed consent was obtained from all patients. A list of exclusion criteria is provided in Table 1 ; hypertension was not a reason for exclusion. The strategy was to enroll patients without known causes of ESRD to maximize detection of analgesic-associated changes in kidney anatomy. A non-contrast-enhanced CT scan was performed, along with an interview that was conducted in the clinic to obtain information about analgesic use and other factors.
The initial data collection from April through November 2000 was considered a "pilot" period for refining the study methods; 32 eligible patients who met the final inclusion criteria were identified during that phase. To shorten the interview, we dropped some items that did not yield useful responses; there were no other material changes to the protocol, and, in particular, the inclusion criteria for patients with ESRD remained the same. In the main phase that started in December 2000, 2344 new dialysis patients were identified, 338 (14%) of whom were eligible for inclusion. Of the 402 eligible patients from both phases, 221 completed both the CT scan and the interview, giving a participation rate of 54%.
Radiologic Methods
Non-contrast-enhanced CT scans were performed using a standardized protocol. Only helical CT machines were used. Details of the methods are in the Appendix. Digital images (n ϭ 195) and films (n ϭ 26) were sent to the NANS radiology center at UNC. In addition to the patients with ESRD, 61 healthy volunteers were recruited from three age categories (35 to 49 yr [n ϭ 20] 50 to 65 [n ϭ 20], and Ͼ65 [n ϭ 21]) and scanned at UNC and WFU to provide normal values of renal size. All of the healthy volunteers had a negative history for renal disease, normal blood urea nitrogen and creatinine concentrations, and a normal urinalysis.
Measurements were made centrally from digital images by a radiologic technologist. When necessary, films were scanned for digital measurement. Three methods of determining renal size/volume were used: Ellipse, voxel count, and average parenchymal thickness; details of these methods are described in the Appendix. A committee of three radiologists who had no knowledge of analgesic exposure reviewed the films of scans of all healthy volunteers and patients with ESRD. Clinically relevant findings (e.g., solid renal mass, liver lesion, abdominal aortic aneurysm) were communicated promptly to collaborating nephrologists.
Three parameters were used to identify patients who might have "analgesic-induced" kidney disease: Size, indentations, and calcifications. Our aim was to develop a more quantitative and stringent definition of the criteria of Elseviers et al. (12, 13) using the higher resolution helical CT scanning technique and improved methods of renal volume analysis. The "DeBroe" criteria included bilaterally small kidneys (based on an unusual method of renal size determination that consisted of summing the anterior-posterior and lateral dimensions as seen on the axial CT slice closest to the hilum) plus three or more indentations on the CT slice with the most contour changes and/or calcifications seen along the papillary line. Four (2%) of the 221 patients met these criteria.
For the new criteria (Table 2) , size measurements of the healthy volunteers were used to determine size cut points for "small" kidneys in the patients with ESRD, set as 2 SD below the mean values; these were determined separately for men and women. Definitions for calci- Cut points were calculated using the healthy volunteers (n ϭ 61 for parenchymal thickness and ellipse volume, n ϭ 30 for voxel volume) reviewed early in the study and are based on 2 SD from the mean value derived from an average of the right and left kidney values. Renal size measurements in healthy individuals were normally distributed. fications and indentations are as shown. Consonant with the general approach of the DeBroe group, patients with ESRD were classified as having some degree of small indented calcified kidneys (SICK) when they had bilaterally small kidneys and at least one of the other characteristics. Among the 221 patients, 11 were classified as grade 1, three as grade 2, and one as grade 3 SICK, for a total of 15 (7%). Two of the patients who met the DeBroe criteria were classified as grade 2 SICK, and two did not meet the SICK criteria for indentations (although they satisfied the DeBroe criteria in that regard).
Interview
Interviews were conducted by trained medical personnel. Information was obtained on demographic factors; occurrence and timing of predialysis signs and symptoms of renal disease, including albuminuria, abnormal kidney function tests such as elevated blood urea nitrogen or creatinine, hematuria, peripheral edema as a result of kidney disease, nocturia, and when the patient first became aware of his or her kidney disease; other relevant medical history, including hypertension, episodes of kidney stones, gout, and family history of dialysis; lifetime history of analgesic use; consumption of tobacco, alcohol, and caffeinated beverages; and history of employment in occupations that are reported to increase the risk for renal insufficiency. The threshold for recording use of an analgesic drug was that it took place at least once a week for a minimum duration of 1 yr. Details obtained included time started, dose per pill, pills per day, frequency per week, duration, and reason for use. When there were multiple episodes with varying patterns of use for a particular drug, these were recorded separately.
For exploration of the reproducibility of the obtained information, 32 patients were re-interviewed 3 to 4 mo after the first interview, and the responses were compared. Information on demographic and medical details and occupational history was reported with excellent agreement ( ϭ 0.8 to 1.0 [18] ) on both interviews. Information on drug use and beverage consumption was reported with good agreement ( ϭ 0.6 to 0.8). We conclude that the questionnaire yielded adequately reliable information.
Definition of Index Year and Analgesic Use
Testing the hypothesis requires evaluation of analgesic use that occurred before the onset of renal insufficiency, as the etiologically relevant time is the time of the initial injury. It is not possible to know the date of injury with precision. Although we attempted to obtain information about signs and symptoms of renal disease that would allow the determination of onset for each patient within a year or two, an extensive evaluation suggested that this approach was not reliable. The earliest sign or symptom was Ͻ3 yr before dialysis for 113 (51%) patients; this interval likely is too short a time for chronic damage to occur and therefore is not credible. For another 46 (21%) patients, the only reported sign was the date when they became aware that they had renal disease. For 27 (12%) others, only one sign was reported, and we judged that its timing easily could have been misremembered. Therefore, we elected to use a standard interval of 9 yr for determining relevant analgesic use, recognizing that there would be some misclassification of exposure. This interval was derived from the median interval of 7 yr for the 108 patients for whom that interval was at least 3 yr, plus an additional 2 yr to allow for the insidious onset of renal insufficiency. An "index year" 9 yr before the year of first dialysis was set for each patient; analgesic use before this year was considered relevant.
Analgesics were classified as follows: Aspirin-and acetaminophencontaining drugs (including single-ingredient and combination products), phenacetin-containing combination drugs, a composite group ("total analgesics") that contained any of the aforementioned ingredients (also including nonaspirin salicylates), and nonaspirin nonsteroidal anti-inflammatory drugs (NSAID). Because many of the products taken were combinations of multiple ingredients, a specific product could be in more than one group. Use before the index year was quantified in two ways: Total kilograms consumed (pills/d ϫ dose/ pill ϫ frequency ϫ duration), with heavy use defined as at least 1 kg; and "density" of use, with heavy use defined as at least 0.3 kg/yr for at least 1 yr. In instances in which the patient did not specify the dose per pill of a single-ingredient product, we assumed standard doses of 325 mg for aspirin and acetaminophen and 200 mg for ibuprofen. Aspirin that was reported as "low dose" was assumed to be 81 mg. When a patient took multiple drugs in an exposure group, the kilograms for all drugs were summed. For the composite group, the total kilograms of all relevant ingredients (aspirin, other salicylates, acetaminophen, and phenacetin) were summed.
Statistical Analyses
The four patients who were positive according to the DeBroe criteria and the 15 patients with SICK were compared separately with the 204 remaining patients who were negative according to both the DeBroe and the SICK criteria. For the comparison with SICK patients, odds ratios (OR) and exact confidence intervals (CI) (15) were estimated for categories of use of each analgesic group, relative to no use of any drug in that group at any time (because of the possibility that use after the onset of renal disease might exacerbate the clinical course, such use was kept in a separate category and not included in the reference category). The small number of patients with SICK precluded formal control for confounding, and only crude estimates are presented. The "sensitivity" and "specificity" of the SICK criteria as a test for the detection of heavy analgesic use was estimated under the assumption that the interview data accurately reflected use. It should be noted that there is no unequivocal "gold standard" measurement of analgesic use or an agreed-on definition of what constitutes heavy use.
Results

Patients
The demographic characteristics of the patients are shown in Table 3 . Approximately half the patients were from the two North Carolina sites; 49% of the patients were at least 65 yr of age, 56% were male, and 50% were black. More than one third had not completed high school.
More than half of the patients with SICK were from one of the North Carolina sites, WFU, compared with 26% of those without SICK. The patients with SICK also seemed to be somewhat older, more likely to be male, and have a higher level of education; they were considerably less likely to be black (20 versus 53%). The apparent differences were not tested statistically because of the small numbers of patients with SICK.
CT Scan Appearance
The typical CT appearance of the kidneys from patients with and without SICK are shown in Figure 1 .
Analgesic Use among Patients with ESRD and with and without SICK
The prevalence of analgesic use among the four DeBroepositive patients was 50%, although the small number of such patients precluded a detailed analysis (data not shown). Analgesic use in patients with and without SICK is shown in Table 4 . The prevalence of use was higher among patients with SICK for all categories of aspirin-and acetaminophen-containing products. There were significant associations of SICK with any regular use of aspirin before the index year (OR 8.8; 95% CI 2.4 to 39), use of at least 1 kg before the index year (OR 7.4; 95% CI 1.2 to 43), and use of at least 0.3 kg/yr for at least 1 yr (OR 9.8; 95% CI 1.2 to 66). There also were significant associations of SICK with use of the combined group of analgesic products, including any use before the index year (OR 5.0; 95% CI 1.4 to 22) and use of at least 0.3 kg/yr (OR 8.2; 95% CI 1.5 to 45). Mantel-Haenszel adjustment (16) for age did not materially decrease any of the elevated OR for aspirin or the all-analgesics group, and most were higher than the crude estimates (data not shown).
Among the 15 patients with SICK in the study, only four took at least 1 kg of analgesics before the index year, and all of these patients were from the WFU site in Winston-Salem, NC; four of the five patients who took at least 0.3 kg/yr analgesics were from WFU, and the fifth was from the DNA site in Dallas, TX. None of the OR for acetaminophen-containing products was significant. Approximately two thirds of the patients with SICK were not heavy users of acetaminophen-or aspirin-containing products, according to our definitions. With regard to other analgesics, three patients with SICK and one without SICK had taken products that contained phenacetin, all of which also included aspirin, giving a higher prevalence of phenacetin use among the patients with SICK. The prevalence of use of other "mixture" analgesics-products that contain at least two analgesic/antipyretic components (aspirin, other salicylates, or acetaminophen)-was low: None of the patients with SICK and five (2%) other patients had taken at least 1 kg of such products before the index year. There also were very few users of NSAID before the index year and no users of cyclooxygenase-2 inhibitors. The latter drugs were not available before the index year (for the most recently enrolled patients, the index year was 1993).
For exploring the validity of the index interval of 9 yr, a sensitivity analysis was conducted for any regular use of aspirin and acetaminophen products. With a shorter index interval of 7 yr, the prevalence of aspirin use in patients with SICK was unchanged from the main analysis and slightly higher in other patients with ESRD (data not shown). With a longer interval of 11 yr, the prevalence of aspirin use was lower than in the main analysis for both patients with SICK and other patients with ESRD. A similar pattern was observed for acetaminophen. With both of the alternative index intervals, the OR estimates for the two drugs were lower than the estimates in Table 4 as based on the 9-yr interval. The use of analgesics that contain aspirin or acetaminophen but not phenacetin is shown in Table 5 ; when users of the last compound are excluded, this leaves 12 patients with SICK and 203 other patients with ESRD for analysis. Overall, there was a significant association with regular use of aspirin-containing products before the index year (OR 6.6; 95% CI 1.6 to 31), and the OR for any regular use of the combined group of analgesics was elevated (3.7) but not statistically significant. There were only two users of acetaminophen among the patients with SICK and too few heavy users of any of the drug groups for OR estimation.
The sensitivity and the specificity of the non-contrast-enhanced CT scan as a test for detecting heavy analgesic use among patients with ESRD are shown in Table 6 . The parameters were calculated with two definitions of heavy use: At least 1 kg total exposure before the index year and at least 0.3 kg/yr. For the composite variable of all analgesics, most heavy users did not meet the criteria for SICK, and sensitivity was low, ranging from 16 to 26%; it was even lower for the combined group of analgesics other than phenacetin, ranging from 5 to 13%. There were only two heavy users of phenacetin, both of whom had SICK; this was consistent with a high sensitivity of the CT criteria for this compound. Specificity was high for all categories shown, at 94 to 95%; that is, the large majority of patients who were not heavy analgesic users had negative CT criteria.
Discussion
The results of NANS demonstrate that there is an association between heavy analgesic ingestion and findings of SICK in incident US patients with ESRD that seems to be accounted for mostly by phenacetin-containing products. However, the anatomic changes only occur in a low percentage of heavy users (26% or less overall, 13% or less among those who did not take phenacetin); because most heavy analgesic users have negative (non-SICK) CT scans, the procedure is not a useful tool for identifying such users among the US ESRD population. This finding is important because it follows that, in the United States, the CT scan cannot be used to rule out analgesics as a cause of renal impairment simply because the scan is negative.
Most previous follow-up and case-control studies have shown a significant association between heavy analgesic use and kidney disease (1-9). However, until the work of Elseviers, DeBroe, and colleagues (2,12,13,17,18), this field of investigation has been hindered by the lack of a reliable diagnostic test for the entity. Their studies suggested that the CT scan has high sensitivity and specificity for certain changes, including a reduction in kidney volume, parenchymal scarring, and papillary calcifications. Because there are variations in the types and amounts of analgesics that are consumed from country to country (and within countries), the applicability of these findings to the US population was unknown. For example, Belgian patients with abnormal CT findings frequently had consumed analgesic mixtures (2, 18) ; in this US study, mixture product consumption was uncommon. Of interest is that 10 of the 15 patients with SICK were from the North Carolina sites, with virtually all of the heavy analgesic users from the WFU site. Several of these heavy users had a remote history of phenacetin use.
With regard to specific analgesic ingredients, initial reports linked phenacetin to interstitial nephritis, papillary necrosis, and uroepithelial malignancies (19 -25) . Phenacetin was removed from the US market in 1983, and it might be expected that the culprit drug thereby was eliminated. However, acetaminophen frequently was substituted for phenacetin in analgesic mixture products and was already a popular singleingredient drug. Because acetaminophen is the major active metabolite of phenacetin (26 -28) , concern has lingered over the possibility that its chronic use could incite renal damage.
For addressing various methodological issues, NANS was designed with several unique features. An unequivocal outcome, ESRD, was specified to allow a clear demonstration of an association between analgesic use and any anatomic changes. This was considered a first step; if an association were to be identified, then it would be necessary in subsequent studies to evaluate the relationship at an earlier, less definitive point in the disease process, when intervention could have a clinically relevant effect on outcome. Only incident patients with ESRD were enrolled to avoid inclusion of patients with renal anatomic changes that are associated with dialysis (29) . Of the 2300 screened patients with ESRD, 14% were eligible for study; therefore, the patients who had ESRD and were enrolled in NANS were more likely to have primary analgesic-related disease than the general ESRD population. In-person interviews were conducted in all sites by centrally trained personnel. In addition, the analysis was confined to a period that ended 9 yr before dialysis began so that we could approximate use before the onset of chronic kidney disease (CKD) and avoid the problem of including analgesic use that was influenced by the a Use Ն1 d/wk forՆ1 yr before the index year; reference category for OR is none or less than minimum use at any time (numbers not shown).
b Any use of products that contained aspirin, acetaminophen, or analgesic mixtures. Dose is the combined dose of all analgesic components, including aspirin, salicylamide, and acetaminophen. disease (confounding by indication) (30) . Finally, emphasis was placed on defining renal anatomic changes in size, parenchymal scarring, and papillary calcifications by contemporary imaging techniques with greater precision than previously possible. This included three determinations of renal volume and a CT study of 61 healthy volunteers of varying age to obtain the distribution of "normal" kidney size.
The study results reveal a significant association between analgesic use and findings of SICK, but this is explained mostly by previous use of phenacetin-containing products. Although phenacetin has not been available in the United States for Ͼ20 yr, the long-term drug history that was recorded in NANS extended into the period when it was still in use. When patients who took phenacetin were excluded, there were too few heavy users of the remaining aspirin-and acetaminophen-containing analgesics among the patients with SICK to determine whether an association is present. There was a significant overall association between aspirin use and SICK in non-phenacetin-exposed patients, but this finding is less compelling in the absence of information for heavy use. Regardless of whether there is a relation between currently available analgesics and SICK, however, these results demonstrate convincingly that the CT criteria do not identify most heavy users, thereby answering the main question that NANS was designed to address. Furthermore, the total number of patients who met the criteria for SICK in this study is small in both absolute and relative terms. Overall, 15 patients were identified with SICK, and only four patients met the criteria described by Elseviers, Debroe, and colleagues (2, 12, 13, 17) . The patients with SICK represented approximately 7% of the entire series, which in turn represented approximately one seventh of all patients with ESRD. Therefore, the prevalence of SICK among all incident patients with ESRD could be estimated to be 1%. On a population basis, it can be concluded that there are few such patients in the United States.
There are several potential explanations for the lower prevalence of analgesic-related findings on CT scans in our study versus the earlier work by Elseviers, DeBroe, and colleagues (2, 12, 13, 17) . The ingested drugs differ, with little phenacetin or analgesic mixture use among US patients as compared with Belgian patients. Other potentially relevant factors (e.g., smoking, gout) may differ between the populations, and there also were differences in CT techniques. One-centimeter-slice thickness was used by the DeBroe group versus 0.5 cm in NANS. Higher spatial resolution and tissue contrast helical CT technology was not available at the time of the earlier work, thereby limiting the ability to distinguish as accurately between bumpy, contour-altering cysts and true parenchymal scarring. In addition, DeBroe's method of renal size determination depends on a renoform shape, which could under-or overestimate true renal volume.
As with other observational studies, selection and information bias, confounding, and misclassification of exposure must be considered in interpreting our results. The participation rate was 54%, leaving open the potential for selective enrollment; however, although heavy analgesic users may have been more or less likely to participate than other patients with ESRD, the reading of CT scans and determination of SICK was performed blind to exposure and should not have been biased. Given the association that was observed between heavy analgesic use and SICK, there may have been some underascertainment of SICK if analgesic "abusers" tended to refuse to participate more than other patients. Such a dynamic also could explain partly the very low sensitivity of the criteria for identifying analgesic users. This possibility should be kept in mind in interpreting a Assumption: Patients must have taken the specified dose before the index year to be considered analgesic associated. Numbers in bold type are used in calculating sensitivity and specificity.
b Dose is the combined dose of all analgesic components, including aspirin, salicylamide, acetaminophen, and phenacetin. c Including lower total doses before the index year, use after the index year only, and no use.
the results, but it is unlikely to account for the substantial portion of heavy analgesic users who do not meet the SICK criteria.
The interview was designed carefully to maximize the recall of analgesic histories: All interviewers received extensive centralized training in its administration, and there was a high "threshold," at least once a week for at least 1 yr, for recording analgesic use. The re-interview of 32 patients demonstrated that consistent responses were obtained. However, there was no practical way to validate the information, and it is conceivable that incomplete analgesic histories were obtained. Again, however, this is unlikely to have been related to SICK, which had not been determined at the time of the interviews.
Misclassification of exposure could not be excluded; indeed, the use of a common rather than an individually set index date for all patients undoubtedly resulted in some misclassification of analgesic users as nonusers and vice versa. A related question concerns the appropriateness of the interval of 9 yr that was used to set the index date. This was based on information about renal signs and symptoms that we judged to be clinically reasonable, and a sensitivity analysis that changed the index date 2 yr in either direction resulted in lower OR estimates. We also did not take body weight into account in determining heavy analgesic use. A cutoff of 1 kg was used to define heavy use for all patients, whereas a lower dose may have been sufficient to constitute heavy use in individuals of low body weight. However, none of the patients with SICK had a lifetime analgesic dose between 0.5 and 0.9 kg. Therefore, any reclassification of heavy use according to body weight would not have altered the conclusion that the non-contrast-enhanced CT scan is not a sensitive tool to detect analgesic-associated kidney injury.
Finally, the small number of heavy analgesic users among the patients with SICK emphasizes the fragility of the findings for individual compounds. It was not feasible to formally control confounding in the comparison between patients with SICK and other patients because of the small numbers in the former group, although it did not seem that the results were explained by the relatively older age distribution of the patients with SICK. Nonetheless, it does not seem plausible that any methodologic issues can explain the very large proportion of heavy analgesic users that do not meet the criteria for SICK, particularly when phenacetin is excluded from consideration.
Conclusion
Our results demonstrate that findings of SICK do not occur with sufficient frequency in US patients with ESRD and heavy analgesic exposure to render the non-contrast-enhanced CT scan a sensitive tool to identify such individuals, as proposed by Elseviers and colleagues (12, 13, 17, 18) . Although the conclusion concerning the lack of diagnostic value of the CT scan is clear despite the relatively small numbers, we stress that NANS did not address the overall relationship between analgesics and the progression of renal disease. Future studies are needed to learn whether there is an association in the US population between currently available analgesics and CKD/ESRD in general and whether the ingestion of NSAID or cyclooxygenase-2 inhibitors contribute to the development of CKD or ESRD.
Appendix: Radiology Methods
CT Protocol
Images were obtained from 1 cm above the top of the higher kidney to 1 cm below the lower kidney during a single breath hold. Reconstruction at 5-mm contiguous intervals ("slice thickness") was performed. Two sets of images were obtained. The first used a "soft tissue" window of 250 HU and a level (center) of 30 HU. The second used a "stone" window of 2 HU and a level (center) of 110 HU. This latter parameter ensured that focal kidney densities indeed were calcifications rather than quantum mottle or other artifacts.
Determining Renal Size
The ellipse method uses the following formula: Renal length (cm) ϫ width at hilum ϫ anterior-posterior diameter at the hilum ϫ 0.49 ϭ volume in cm 3 (31) . The voxel-count method (modified from Bakker et al. [15] ) was used later in the study and required that the digital data reflect the true renal volume regardless of unusual renal shapes as a result of masses (mostly cysts) or scars (indentations). A standard volumetric program was applied to the data, which summed voxels in all of the manually outlined 0.5-cm axial slices of each kidney. This method now is considered the "gold standard" for renal volume determination because it avoids the inaccuracies that are introduced by the ellipse method that considers all kidneys to be renoform (ellipsoid). A pilot comparison study demonstrated that the ellipse and voxel volume methods were comparable (within 10% agreement) in renoform kidneys. Parenchymal thickness was measured by documenting the anterior, posterior, and lateral parenchymal thickness from three adjacent central CT slices (32) . Renal pelvis and peripelvic fat were excluded. The nine values (in cm) from each kidney were averaged, resulting in a single parenchymal thickness value for each kidney.
